Introduction
In 1978, the Government of China introduced economic reforms to convert the country's planned economy into a freemarket system. Since then, sustained economic productivity has greatly increased the food supply, average household income and personal expenditure on food. 1, 2 With increasing urbanization, the average Chinese diet has become higher in fat and calories, and lower in dietary fibre. 3 Also, the level of physical activity during work and leisure time has declined. 4 In short, dietary changes after these economic reforms have been accompanied by a rise in diseases related to affluence. 5, 6 Child-growth assessments are useful not only for monitoring a population's nutritional status, but also for gauging inequalities in human development among different populations. 7 Although many growth and nutrition surveys among children and adolescents have been carried out in China, 8, 9 few have tried to link trends in child growth and nutrition to changes in economic development. One study that evaluated the effects of China's economic reforms on the growth of children showed an increase in the average height of children in both rural and urban areas. However, the increase in urban areas was five times that of rural areas. 10 Since the economic reforms, income inequalities have increased between western rural areas and coastal areas, as well as between and within rural and urban areas. 11 These inequalities have probably influenced the regional distribution of malnutrition and how this distribution has changed over time. 12 The objective of this paper is to give an overall picture of long-term trends in the growth and nutritional status of Chinese children and adolescents by examining the results of seven large surveys conducted over the past 35 years. We focused on regional disparities in child and adolescent growth and nutritional status, as well as on changes in the pattern and rates of malnutrition after the transition to a more highfat, high-energy-density and low-fibre diet in an attempt to determine if these changes were associated with the country's economic development.
Methods

Data procurement
Growth and nutrition data
Data on the growth and nutritional status of children and adolescents between 0 and 18 years of age were extracted from published data and raw datasets of seven large surveys undertaken in one or more areas with different economic characteristics in China between 1975 and 2010. The following surveys were included: National Growth Survey of Children under 7 years in the Nine Cities of China; National Growth Survey for Rural Children under 7 years in the Ten Provinces of China; National Epidemiological Survey on Simple Obesity in Childhood; Chinese National Survey on Students' Constitution and Health; China National Nutrition Survey; Chinese Food and Nutrition Surveillance system and China Health and Nutrition Survey. A summary of these surveys can be found in Table 1 .
Classification of economic areas was based on five indices: regional gross domestic product (GDP), total yearly income per capita, average food consumption per capita, natural growth rate of population, and the regional social welfare index. 8 The areas were categorized from highest to lowest economic status as large coastal cities, high, medium or low cities, high, medium or low rural areas and poor western rural areas.
Objective To examine if economic development in China correlates with physical growth among Chinese children and adolescents. Methods The height, body weight and physical activity level of children and adolescents aged 18 years and under, as well as dietary data, were obtained from seven large surveys conducted in China between 1975 and 2010. Chinese economic development indicators were obtained from the World Bank. Trends in body weight, height, economic data and diet were examined. Tests were conducted to check for correlations between height at 17 years of age and three indicators of economic development: gross domestic product, urbanization and infant mortality rate. Regional differences in physical growth were assessed. Findings Between 1975 and 2010, the growth of children and adolescents improved in tandem with economic development. The largest increment in height was observed during the period of puberty. Regional inequalities in nutritional status were correlated with disparities in economic development among regions. Over the past two decades, undernutrition declined among children less than 5 years of age, but in 2010 underweight and stunting were still common in poor rural areas. A large increase in obesity was observed in both urban and rural areas, but especially in large cities and, more recently, in small and medium-sized cities and affluent rural areas. Conclusion The average weight of children and adolescents has been increasing progressively since the 1970s. Current strategies to combat both child undernutrition and obesity need to be improved, especially in poor rural areas.
Economic data
Development indicators for China were obtained from the World Bank; 29 GDP per capita, the Gini index and the percentage of the population living in urban areas between 1970 and 2012.
Mortality data
Mortality rates for infants and for children less than 5 years of age between 1990 and 2013 were obtained from the Global Burden of Disease study.
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Dietary data
Dietary data for children and adolescents -daily intake of calories, fats, and protein -were obtained from the China Health and Nutrition Survey 24 and the China National Nutrition Survey.
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Sedentary behaviour and physical activity
To describe trends in the level of physical activity, data on sedentary behaviour (hours per day watching television or videos or using the computer) and on passive commuting to and from school were obtained from replies to the China Health and Nutrition Survey questionnaire.
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Data analysis
Since the study designs, location and demographic characteristics of the population vary among the surveys, data from subsequent rounds of the same survey were used to assess trends. We assessed undernutrition using data for underweight and stunting. Underweight was defined as less than minus two standard deviations from the median weight-for-age of the reference population. Stunting was defined as less than minus two standard deviations from median height-for-age of the reference population. We assessed obesity using data for both overweight and obesity as defined by the Working Group on Obesity in China, adjusted for each year of age. 31 We examined the statistical associations between physical growth and economic development using ecological comparisons and trends. To explore the relationship between height and GDP and urbanization and infant and child mortality rates, we calculated Pearson's correlation coefficients (r), adjusting for sex. Trends in the prevalence of underweight, stunting, overweight and obesity were assessed using the χ 2 test. SPSS version 13.0 (SPSS Inc., Chicago, United States of America) was used for the statistical analyses. Research Physical growth of children and adolescents in China Xin-Nan Zong & Hui Li
Results
Secular trends in growth
Between 1975 and 2010, the average height of children and adolescents increased steadily, without any tendency to plateau. The largest increment was noted around puberty, particularly among males, e.g. an increase of 11.9 cm in 13-year-old urban boys. The difference in height between the sexes at 18 years of age increased from 10.3 cm to 12.3 cm during this same period.
Body weight increased in both sexes and all age groups from 1985-2010. After 2005, in all age categories boys were heavier than girls (Fig. 1 ). To assess whether the increase in adolescents' average height was associated with economic development -as captured by urbanization, GDP per capita and the Gini index - (Fig. 2) , we looked for correlations between two of these indicators and the average height of adolescents 17-18 years of age.
Height showed a close correlation with GDP per capita (r = 0.90, P < 0.0001) and with urbanization (r = 0.92, P < 0.0001). We also looked for a correlation between the decline in infant and under-5 mortality rates ( Fig. 2 ) and average height and observed that they were both negatively correlated (r = −0.95; P < 0.0001), even after sex adjustment (r = −0.94; P < 0.0001).
Geographical disparities
Differences in height were observed in areas having different economic characteristics. Data from the National Growth Survey of Children under 7 years in Nine Cities of China and the National Growth Survey for Rural Children under 7 years in Ten Provinces of China showed that, on average, children of both sexes in rural areas were 2.1 cm (standard deviation, SD: 1.2) shorter than those in suburban areas and 3.6 cm (SD: 2.0) shorter than those in urban areas.
According to the Chinese National Survey on Students' Constitution and Health, children and adolescents between 7 and 18 years of age who lived in a coastal city were taller, on average, than those living in other provincial capitals. They were also markedly taller, on average, than those living in medium-sized or small cities. Similar differences were observed among rural areas showing high, moderate and poor economic development (Fig. 3) .
Trends in malnutrition
The prevalence of undernutrition in children less than 5 years of age was highest in poor rural areas. Compared with the 1990s, the overall prevalence of undernutrition has declined sharply -by 74% for underweight and 70% for stunting. Significant downward trends in the prevalence of both underweight and stunting were observed for all areas (P < 0.001). However, in poor rural areas in 2010, the prevalence of underweight and stunting was still high, at 8.0% and 20.3%, respectively (Fig. 4) .
In 2010, the combined prevalence of overweight and obesity was found to be highest among urban boys (23.2%), followed by rural boys (13.8%), urban girls (12.7%) and rural girls (8.6%). Significant increases were noted in the combined prevalence of overweight and obesity in all groups (P < 0.001) (Fig. 5) . Between 1985 and 2010, the proportion of obese males increased faster than that of obese females. In urban areas, male obesity increased 0.34 percentage points per year, compared with 0.15 for female obesity. In rural areas, the increase was 0.18 percentage points per year for male obesity, compared with 0.10 for female obesity. The increase in obesity in urban areas between 1985 and 2000 was twice that of the increase in rural areas during the same time period. However, between 2005 and 2010, the annual increase in obesity in rural areas has outpaced that of urban areas (0.34 versus 0.30 percentage points in males and 0.17 versus 0.10 percentage points in females). Fig. 6 illustrates the burden of obesity in areas with different economic characteristics. Large coastal cities were the first to exhibit a rise in overweight and obesity and had the largest increase in prevalence -32.6% (males) and 19.1% (females) in 2010. Similar increases followed in other areas: first in large, prosperous cities, followed by mediumsized cities with a large middle class and, finally, by the more affluent rural areas. Although an increase in obesity Height was measured as length for children less than 3 years of age. Sample size: n = 69 760 urban children less than 7 years of age; n = 69 015 suburban children less than 7 years of age; n = 95 925 rural children less than 7 years of age; n = 81 438 urban children and adolescents aged 7-18 years; n = 111 584 rural children and adolescents aged 7-18 years.
Data sources: National Growth Survey of Children under 7 years in the Nine Cities of China, Overweight and obesity were defined by using the references of the Working Group on Obesity in
China. The cut-offs for overweight and obesity were adjusted for each sex-age group. 
Trends in nutrition and physical activity
To assess whether factors associated with increased body weight in children and adolescents were affected by China's economic reforms, we obtained data on fat and protein intake and level of physical activity. Between 1991 and 2009, people's diets in China changed considerably. For children and adolescents between 7 and 17 years of age, the average daily fat intake increased from 55 to 66 g and the average daily protein intake decreased from 66 to 58 g. There was also an increase in fats as a proportion of total caloric intake and an increase in the proportion of children and adolescents obtaining more than 30% of their energy from fat. In addition, during this period time spent in front of a television, video or computer also increased, as did the proportion of children and adolescents who commuted to school in a motorized vehicle (Fig. 7) .
Discussion
The economic transition
In the wake of the 1978 reforms, China underwent many changes in its social structures, living conditions and diet. This has been accompanied by a positive trend in the physical growth of children. 33 An empirical division of China's economic development into stages based on the time cycle of China growth surveys facilitates the analysis of its association with trends in children's growth. In Stage I (before 1975) -out of scope of this analysis -a previous subtle upward trend in growth ceased and even reversed owing to the detrimental effects of famine. In Stage II (1975 -1985 , children's growth began to improve again with the recovery of the national economy, and positive trends emerged in older age groups of children in the major cities. In Stage III (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) , physical growth continued to improve in parallel with sustained economic growth. The increment in height among children in rural areas exceeded that seen in children living in urban areas because of improved living standards, health care and increased food supply in the rural areas in the mid-1980s. 9 In Stage IV (1995-2005), even higher growth increments were documented among both urban and rural residents. According to data from 2005 to 2010 (Stage V), the increment has continued and does not seem to be levelling off. 34 The growth of children in China has improved in recent decades and this improvement is more pronounced at puberty than at earlier or later ages, consistent with other population-based studies. 35 The increase in height at the age of 18 years is already present in younger ages and the eventual increase in adult height is established during the first 2 years of life.
In the Netherlands, the secular increase in growth has come to a halt after 150 years, with males now 13.1 cm taller on average than females. 36 Since sex difference in adult height widens gradually as secular increases in growth continue, the difference of 12.3 cm between the sexes in 2010 suggests that the positive trend in Chinese children may continue.
Before the economic reforms, food had been in short supply, 3 but after 1978, when a policy of liberal food production was introduced and annual economic growth improved, people began to eat more meat and grains and less vegetables. Child growth and nutrition improved and overweight and obesity were still rare. In 1985 and 1986, the prevalence of obesity in children and adolescents was below 1% in large cities. 15, 19 In 1986, China started its first specific survey on obesity and found that the Chinese diet had become richer in fats and calories and lower in fibre, a change that was introducing an increased risk of chronic diseases. 37, 38 Obesity among infants and preschool children increased by a factor of 2.8 between 1986 and 2006. 15 And between 1985 and 2010, overweight among school-aged children and adolescents increased from 1.11% to 9.62% and obesity from 0.13% to 4.95%. 16 Additionally, between 1993 and 2009 the prevalence of obesity rose from 6.1% to 13.1% among children between the ages of 6 and 17 years. 39 The higher prevalence of overweight males contrasts with the situation in some non-Asian countries. 40 In 2012, for the first time in history, China's urban population outnumbered its rural population. 41 This urbanization can be seen as a double-edged sword. Although it has brought increased access to health care and improvements in basic health infrastructure for many, it has also brought about changes in diet and lifestyle, such as an increase in the availability of sweets and fast-food restaurants and in the use of television, personal computers and cars, all of which can pose substantial health risks. 42, 43 We have shown that in recent decades fat intake and physical inactivity have risen among Chinese children, with a resulting increase in childhood obesity and a documented decline in physical fitness. For instance, the capacity for endurance running among Chinese students declined significantly between 1985 and 2010.
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Dual burden of malnutrition
Large discrepancies still exist between rural and urban areas both in health conditions and in health care. 45 Decades of observation suggest that despite improved growth in children belonging to all economic groups, a large growth disparity persists between the rural and suburban areas and the urban areas, 9 and among different economic subgroups within these areas. 17, 18 Compared with the late 1980s and early 1990s, 46 in 2010, malnutrition in childhood declined dramatically, owing to sustained economic development, sound nutrition policies, improved health services for women and children and broad implementation of child nutritional interventions. 23 However, in the same year, nutrition in rural areas was still poor, with a high prevalence of underweight and stunting among children less than5 years of age. Another survey in 2009 reported 15.9% prevalence for stunting, 7.8% for underweight and 3.7% for wasting in poor rural ares. 47 We have also observed a paradoxical situation: in 2006, prevalence of overweight children was as high as 16.8%, while that of stunting was 57.6% among the children in the same poor areas of China's midwestern provinces. 48 The coexistence of stunting and overweight in the same child is a result of protein and energy malnutrition, which retards height despite increased body weight, 49 and Chinese rural children have a lower daily protein intake than urban children. 24 Childhood obesity has become a serious public health problem in China. 19, 50 The current strategies for preventing and controlling malnutrition need to be re- 
Резюме
Физический рост детей и подростков в Китае за последние 35 лет Цель Определить, коррелирует ли экономическое развитие в Китае с физическим ростом китайских детей и подростков. Методы Рост, вес тела и уровень физической активности детей и подростков в возрасте до 18 лет, а также данные по питанию были получены из семи крупных исследований, проведенных в Китае в период с 1975 по 2010 гг. Показатели экономического развития Китая были получены от Всемирного банка. В ходе исследования были рассмотрены изменения показателей массы тела, роста, экономических данных, а также режим питания. Были проведены исследования корреляции роста детей в возрасте 17 лет с тремя показателями экономического развития: валовым внутренним продуктом, уровнем урбанизации и младенческой смертностью. Проведена оценка региональных различий в физическом развитии. Результаты В период с 1975 по 2010 гг. рост детей улучшался в соответствии с экономическим развитием. Самый интенсивный рост наблюдался в период полового созревания. Региональные неравенства в уровне питания коррелировали с различиями в экономическом развитии регионов. За последние два десятилетия уровень недостаточного питания снизился среди детей в возрасте до пяти лет, но в 2010 году дефицит массы тела и задержка в росте все еще были широко распространены в бедных сельских районах. Значительное увеличение числа людей, имеющих ожирение, наблюдалось как в городских, так и в сельских районах, но особенно в крупных городах, а в последнее время в малых и средних городах и богатых сельских районах. Вывод Начиная с 1970-х годов постепенно увеличивается средний вес детей и подростков. Необходимо совершенствование используемых стратегий по борьбе как с детским недоеданием, так и ожирением, особенно в бедных сельских районах.
Resumen El crecimiento físico de los niños y adolescentes en China durante los últimos 35 años
Objetivo Examinar si el desarrollo económico de China está relacionado con el crecimiento físico entre los niños y adolescentes chinos. Métodos Se obtuvieron datos sobre la altura, el peso y el nivel de actividad física de niños y adolescentes hasta 18 años, así como datos sobre la dieta, a partir de siete grandes encuestas llevadas a cabo en China entre 1975 y 2010. Los indicadores del desarrollo económico chino se obtuvieron del Banco Mundial. Se examinaron las tendencias en el peso corporal, la altura, los datos económicos y la dieta. Se realizaron pruebas para comprobar la correlación entre la altura a los 17 años de edad y tres indicadores del desarrollo económico: el producto interior bruto, la urbanización y la tasa de mortalidad infantil, y se evaluaron las diferencias regionales en el crecimiento físico. Resultados Entre 1975 y 2010, el crecimiento de los niños mejoró a la par que el desarrollo económico. El mayor incremento en la altura se observó durante la pubertad. Las desigualdades regionales en el estado nutricional se correlacionaron con las diferencias de desarrollo económico entre las regiones. En las últimas dos décadas, la desnutrición disminuyó entre los niños menores de cinco años, pero, en 2010, una talla y peso bajos seguían siendo frecuentes en zonas rurales pobres. Se observó un gran aumento de la obesidad tanto en zonas urbanas como rurales, pero especialmente en las grandes ciudades y, más recientemente, en ciudades pequeñas y medianas y en zonas rurales prósperas. Conclusión El peso medio de los niños y adolescentes ha ido aumentando progresivamente desde la década de 1970. Es necesario mejorar las estrategias actuales para combatir tanto la desnutrición como la obesidad infantil, particularmente, en las zonas rurales pobres.
